Abstract. The combined chemical composition, O and H isotopes, and the basic geologic setting of the geothermal system of the Gulf of Suez, Egypt have been investigated to evaluate the origin of the dissolved constituents and subsurface reservoir temperatures. Hydrochemical characterization of thermal waters discharged from springs and flowing artesian wells in the Gulf of Suez region show that there are two groups. One is Hammam Faroun thermal waters with salinity values exceeding 10,000 mg/l, discharge temperatures reach to 70ºC, and Na-Cl hydrochemical facies. The other group is thermal waters discharged at Hammam Mousa, Ain Sukhna, and shallow flowing artesian wells at Ayoun Mousa and Ras Sudr. They are characterized by salinity values less than 10,000 mg/l, discharge temperatures ranging from 32.5 to 72ºC and Na-Mg-Ca-Cl (Hammam Mousa), Na-Cl-SO 4 (Ain Sukhna), and Na-Ca-Cl (Ayoun Mousa-2 well and Ras Sudr-2 well) water types. Different graphical presentations using major and minor ions indicated that little mixing with sea water is probably a source of dissolved constituents. Water/rock interaction is also a major source for the dissolved constituents as revealed from Ca and HCO 3 enrichment of the thermal waters that is attributed to dissolution of carbonate minerals. Thermal waters from Hammam Faroun and Ras Sudr-2 well have the highest discharge temperatures and SiO 2 concentrations that indicate that ascending hot water at the Hammam Faroun area is slightly mixed with cold water. The thermal waters from the study area are depleted in 18 O and 2 H and fall on the Global Meteoric Water Line (GMWL) and below the local eastern Mediterranean Meteoric Water Line (MMWL) with d-excess values ranging between 3.42 and 10.6‰, which is similar to the groundwater of the Nubian aquifer in central Sinai and the Western Desert of Egypt and suggesting a common origin. This indicates that these waters are paleo-meteoric water which A.A. El-Fiky 72 recharged and flushed residual saline water in the Nubian aquifer under different climatic conditions than the modern ones. All thermal waters of the study area are undersaturated with respect to sulfate minerals (gypsum and anhydrite) and oversaturated or nearly in equilibrium with respect to aragonite, calcite and dolomite indicating that these minerals occur in the reservoir. All the thermal waters are oversaturated and nearly in equilibrium with quartz and chalcedony indicating equilibration with a sandstone aquifer free of gypsum and anhydrite with minor carbonate minerals. The subsurface reservoir temperatures were calculated using different solute geothermometers and gave temperatures ranging between 13.0 and 190.5ºC. Na/K and Na-K-Ca geothermometers gave the maximum reservoir temperatures (135-190.5ºC), whereas Na-K-Ca-Mg and Mg/Li geothermometers gave the lowest temperatures (13.0-45.9ºC). Quartz geothermometer gave the most reasonable subsurface temperatures (61.5-104.5ºC). The Hammam Faroun and Ras Sudr areas have the highest subsurface reservoir temperatures, which is consistent with the estimated high geothermal gradient of about 48ºC/km.
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Introduction
The chemistry of thermal waters has attracted the attention of numerous studies, in particular investigations of the influence of water-rock interactions and the large diversity of the ionic composition of fluids that are found in geothermal systems (e.g. Mahon, 1970; Tonani, 1970; White, 1970; Fournier and Truesdell, 1973; Ellis and Mahon, 1977; Fournier, 1979; Giggenbach et al., 1983; Giggenbach, 1988 , Pauwels et al., 1993 Tarcan and Gemici, 2003) . The chemical and environmental isotope compositions were used to determine the origin of geothermal waters, in particular to distinguish between meteoric and sea water (e.g. Davisson et al., 1994) .
The geothermal fields of northeastern Egypt provide a unique setting of high temperature combined with variation in chemical composition. The distribution of the thermal systems follows the tectonic patterns of Egypt. The presence of active structural systems that characterizes the Gulf of Suez region is associated with block faulting where hot springs with temperatures up to 70ºC issue at many localities along the eastern and western coasts of the gulf. The heat for these springs is probably derived from high heat flow and deep circulation controlled by faults associated with the opening of the Red Sea and the Gulf of Suez rifts . Waring, 1965 defined a thermal spring as one being 8.3ºC (15ºF) above mean annual air temperature. According to this definition, all hot springs along the Gulf of Suez can be considered as thermal springs. These springs are historically well known since the Pharaohs time where they used for medical purposes. They owe their existence to tectonic (or volcanic) heating associated with the opening of the Red Sea/Gulf of Suez rift (Boulos, 1990) . Few previous studies have investigated different aspects of the chemical and isotopic composition of geothermal waters of the Gulf of Suez region (Issar et al., 1971; Himida et al., 1972; El Kiki et al., 1978; Morgan et al., 1983; Shata, 1990; and Sturchio et al., 1996) . This study presents the chemical and stable isotopic compositions (
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O and
2
H) of major geothermal water from both sides of the Gulf of Suez where thermal waters were collected from different springs of Ain Sukkna (western coast of the gulf), Hammam Faroun and Hammam Mousa (eatern coast of the gulf). Thermal groundwaters were also collected from abandoned shallow exploratory flowing artesian wells in west Sinai at Ayoun Mousa and Ras Sudr. Figure 1 shows location of these springs and wells on both coasts of the Gulf of Suez. The aim is to provide an overall assessment on the origin of the thermal groundwater and geochemical processes giving rise to salinities of these waters as well as estimation of the subsurface reservoir temperatures.
General Geology and Hydrogeology
The Gulf of Suez represents a typical interior basin. The evolution of this basin is characterized by tectonic extensional episodes producing tension block faulting (horst and graben) and block subsidence (Kingston et al., 1983) . Schütz (1994) described the Gulf of Suez as a good example of a model extensional regime. It is an intracratonic basin that originated in the early Miocene. The Gulf of Suez graben was formed after the Eocene, as shown by structural trends and sediment distribution of the Cretaceous and lower and middle Eocene. Pre-Miocene sediments were deposited on a craton or in epicontinental seas. Rifting began in the Gulf of Suez after the Oligocene, and is documented primarily by an Upper Oligocene planation surface on both sides of the Gulf of Aqaba and the southern Gulf of Suez (Quennell, 1984) . Garfunkel and Bartov (1977) dated basalt intrusions and flows in the Gulf of Suez as early Miocene. In the Gulf of Suez, major uplift and rifting clearly occurred simultaneously. Schütz (1994) stated that the opening of the Gulf of Suez is certainly related to the initial opening of the Red Sea based on the sediment and evaporite record in both basins. Shata (1990) differentiated the sediments of the Gulf of Suez into two major types: a) Pre-rift sediments (1500 to 3000 m) dominated by sand and shale facies and showing an increase of the carbonate members both northward and upward in the succession. These sediments rest on the Pre-Cambrian basement rocks. b) Syn-rift sediments (500-5000 m) dominated by sand, shale and evaporites, with local carbonate interbeds. These sediments rest either on the basement rocks or on the pre-rift sediments. General stratigraphic section of the Gulf of Suez region is shown in Fig. 2 . Fig. 2 . Generalized stratigraphic section of the Gulf of Suez (Alsharhan, 2003) .
The Gulf of Suez region is surrounded on both sides by extensive mountainous areas that act as major watershed areas, which are dissected by great number of wadis draining either towards east or west. This region receives an average amount of rains of about 1000 × 10 6 m 3 /y that increase periodically to more than 5000 × 10 6 m 3 /y (Shata, 1990) . These watershed areas in the Eastern Desert and Sinai are the main recharge areas of groundwater in the Gulf of Suez region. The complex fault systems in this region, which are active in the Quaternary time, play an important role in the recharge and discharge phenomena (Shata, 1990) . Such faults allow the formation of discharging conduits for water ascending from depths after being heated and mixed with other water types.
The Ain Sukhna fault is a major important, old structural element in the Gulf of Suez. It is only a part of a much longer fault system, which cuts through the Gulf of Suez to the southeast along the west coast of Sinai near Lagia and farther into the Sinai basement into Wadi Feiran (Schütz, 1994) . This fault is probably an older Jurassic fault, but reactivation occurred during the early Miocene, resulting in major displacement. This fault is remarkable for hot spring at Ain Sukhna on the west coast and at Hammam Faroun, south of Lagia on the east coast. The Ain Sukhna spring issues directly onshore at about 55 km to the south of Suez city. According to Diab (1969) and Desouki et al. (2006) , Ain Sukhna hot spring (32.5ºC) issues from the Cretaceous aquifer where groundwater freely flows by upward rising of the deeply circulating Nubian water through the fissures and fractures under high pressure head. It is mixed with normal seawater intrusion in the Quaternary aquifer. The recharge of this spring is probably from the surrounding high scarps and hills located along the coastal area.
Hammam Faroun springs issue from the shore cliff of Gebel Hammam Faroun. The thermal water (70ºC) issues from faulted, dolomitic Eocene limestones. The Hammam Mousa spring (known as Moses Baths) is located to the south of Hammam Faroun springs at ElTor city (Fig. 1) , where thermal groundwater issues with a temperature of 37ºC from faulted Miocene rocks near the shore. Its waters have been used for bathing since ancient times and are said by many to have the ability to cure skin diseases and arthritis due their high percentage of magnesium, sodium and sulfur (El Ramly 1969) .
Oil exploration wells at Ayoun Mousa in western Sinai have shown that the Nubian sandstone is found at rather shallow depth (75-100 m) unconformably overlain by Miocene sediments (Issar et al., 1972) . The Nubian sandstone layers were found to contain water at artesian pressures with salinities ranging from 1000 to 4000 mg/l. Groundwater at Ayoun Musa-2 well is discharged under artesian pressure from the shallow Jurassic Nubian sandstone aquifer with a temperature of 37ºC. This aquifer is composed of friable sands and sandstones of Bajocian age that is capped by thick Bathonian-Callovian compact clays and claystones (Issar et al., 1971; and Himida et al., 1972) . Groundwater is also discharged from Ras Sudr-2 flowing well that is tapping the Eocene aquifer (Issar et al., 1971) where the thermal water discharge temperature reaches 72ºC. Issar (1979 and concluded that Tertiary marine waters have been thoroughly flushed from the Upper Jurassic-Lower Cretaceous (Nubian) sandstone aquifer of the Sinai Peninsula. Residual saline waters of marine origin are also present in older and deeper formations of Mesozoic and Paleozoic age (Bentor, 1969; Fleischer et al., 1977; Issar, 1979 and . The entire study area is also strongly affected by deepseated faulting which may facilitate infiltration of sea water and mixing with other groundwaters and residual saline water. It is suggested that high geothermal gradients occur mainly in the immediate proximity of major faults (Issar et al., 1971; Morgan et al., 1983) . Therefore, sources of the different chemical constituents in thermal waters are variable and include mixing between groundwater of meteoric origin and modern Red Sea water and/or residual saline water. Rock-water interaction plays also an important role in modifying the chemical composition of the thermal waters.
Methods
Thermal Water Sampling and Analyses
Eight thermal groundwater samples were collected during January 2005 from the coastal springs on both sides of the Gulf of Suez and from shallow artesian wells at Ayoun Mousa and Ras Sudr (Fig. 1) . Temperature (T), specific electric conductance (EC) and pH were measured in the field. Total alkalinity was also measured in the field by acid titration from unfiltered water samples. Groundwater samples were field-filtered through a 0.45 µm filters and filled into acid-washed bottles and acidified. Water samples were analyzed for major and minor dissolved chemical constituents. Ca, Mg and Cl were determined by titration methods. SO 4 was determined using turbidimetric method. Na and K were analyzed using flame photometer. SiO 2 was determined using ammonium molybdate spectrophotmetric method. All the previous analyses were carried out in the Department of Environmental Sciences, Faculty of Science, Alexandria University. Lithium (Li) O, D/H) are expressed using the usual δ notation:
where R is the ratio of the heavy to light isotope abundances. For
18
O and 2 H, the V-SMOW standard was used. In addition, chemical and isotopic compositions of the Red Sea water (Wilson, 1975 and Craig, 1969) have been taken into account in this study. The chemical analysis was carried out as per the procedure given in APHA (1998). The analytical precision for the measurements of ions was determined by calculating the ionic balance error, which is generally within ± 5%.
Mineral saturation indices for a number of common minerals potentially present in the studied localities were calculated at measured discharge temperatures by PHREEQC (Parkhurst and Appelo, 1999) interfaced with AquaChem 5.0.
Results and Discussion
Hydrogeochemical Properties of Thermal Waters
Results of chemical and isotopic analyses of thermal waters discharged at both sides of the Gulf of Suez are given in Table 1 . Dissolved ions in the sampled waters in the study area could be mainly derived from reactions of thermal waters with host rocks in addition to mixing of these waters with other water types. Hydrochemical water types were determined using total equivalents of cations and anions of 100% and ions more than 10% were evaluated in the classification. Thermal waters vary from slightly acidic to slightly alkaline where the pH values range from 6.48 to 7.61 and may be divided into two main groups on the basis of the concentrations of their dissolved solids. One group is of hot water discharged at the Hammam Faroun springs on the eastern coast of the Gulf of Suez. These waters are characterized as NaCl type, having average total dissolved solids (TDS) value of 15,925 mg/l and discharge temperatures reach 70ºC. Average concentrations of sodium and chloride are about 4,610 and 9,106 mg/l, respectively. The high salinity and the Na-Cl water type may reflect that the seawater component of these thermal waters may be high. However, this water type may result from dissolution of Middle Miocene evaporites, which are common in the Gulf of Suez region and reaches a thickness of about 610 m in Ras Lagia in the vicinity of Hammam Faroun (Sturchio et al., 1996) . The second group of hot waters (Hammam Mousa, Ain Sukhna, Ayoun Mousa-2 well and Ras Sudr-2 well) having TDS ranging from 3,500 to 8,400 mg/l and discharge temperatures varying between 32.5 and 72ºC. This group is characterized by different water types of Na-MgCa-Cl (Hammam Mousa), Na-Cl-SO 4 (Ain Sukhna), and Na-Ca-Cl (Ayoun Mousa-2 well and Ras Sudr-2 well). Variable water types may indicate different hydrogeochemical processes such as mixing and waterrock interaction.
A Piper trilinear diagram (Fig. 3) shows that all the thermal waters are characterized by the dominance of Cl+SO 4 over HCO 3 and Na+K over Ca+Mg. Their chemistry probably results from mixing with sea water. It also indicates that the thermal waters show increasing trend of Ca and Mg from Hammam Faroun towards Hammam Mousa which is reflected in the closeness of Hammam Faroun plot to that of the Red Sea.
This may indicate that mixing with sea water is possibly high at Hammam Faroun, which is consistent with the high salinity values of thermal water discharged at this locality. However, high salinity values may also be derived from dissolution of thick Miocene evaporites, which can also give rise to the Na-Cl water type. As shown in the Schoeller diagram (Fig. 4) , thermal waters and sea water give similar signatures except for the relative proportions of Ca and Mg, where thermal waters are enriched in Ca. This reflects that mixing with sea water is probably one of the factors responsible for the current hydrochemistry of thermal waters. Due to less sea water but more groundwater mixing, thermal water of Ayoun Mousa well plot at lower levels on the Schoeller diagram. Hammam Faroun thermal waters plot near sea water reflecting more mixing with sea water. Enrichment of Ca in thermal waters than sea water may be attributed to dissolution of carbonate rocks encountered along the flow path of groundwater, which is enhanced by the increase of temperature.
Correlation coefficients of major and some minor ions were computed using values of concentrations of the different ions in mg/l. The concentrations of ions were plotted against chloride (Cl), which is regarded as chemically conservative. The relations of the constituents in thermal water samples from the study area are presented in Fig. 5 . The high positive correlation (0.99) between Cl and Na indicates that high Cl concentrations of thermal water arise from the contribution of sea water. Similarly, the other major and minor constituents show good positive linear correlations (0.78-0.98) with Cl. A negative correlation (-0.61) is observed between Cl and HCO 3 . This indicates that the contribution of sea water causes an increase in the Cl concentrations but a decrease in the concentrations of HCO 3 in the thermal waters. Enrichment of HCO 3 together with Ca in thermal waters may be caused by dissolution of carbonate minerals. In high temperature thermal systems, Mg is incorporated into secondary alteration minerals by ion exchange reactions resulting in very low Mg levels (Nicholson, 1993) . Since the Cl concentration of water from deep reservoir is generally high, a negative correlation is expected between Cl and Mg. However, a high positive correlation (0.93) or high concentrations of Mg, indicates that ascending hot water is mixed with cold water. shows that the relations between Na, K, Mg, Br, SO 4 and Cl strongly confirm the mixing process and contribution of sea water where the plotted points can occur along the mixing line between thermal waters and sea water end member. However, thermal groundwaters are enriched with Ca, where they are plotted above the mixing line. This can be attributed to the dissolution of carbonate rocks. Thermal waters discharged at Hammam Faroun show high Ca levels, which are possibly derived from faulted, dolomitic Eocene limestones commonly encountered at this locality. According to the relations of the ions (Fig.  5) , it is suggested that the initial aqueous solution was a mixture of sea water and local meteoric water.
As the temperature increases, the concentration of SiO 2 is expected to increase, which is observed from the thermal waters of the study area. Thermal waters from Hammam Faroun and Ras Sudr-2 well have the highest discharge temperatures and SiO 2 concentrations. This may indicate that ascending thermal waters at the Hammam Faroun springs is slightly mixed with cold water.
Isotopic Properties of Thermal Waters
The oxygen ( (Vengosh, 2007) . The thermal waters from the study area are depleted in deuterium with d-excess values around 10‰ similar to the groundwater of the Nubian aquifer in central Sinai (Issar et al., 1971; Vengosh, et al., 2007) and the Western Desert of Egypt (El-Fiky and El-Maghraby, 2004) , which indicate that these waters have a common origin. These waters are meteoric waters, which recharged the Nubian aquifer under different climatic conditions than the modern ones, where they have d-excess values around that of the global meteoric water line (GMWL). Therefore, the thermal waters from the study area are paleowaters of meteoric origin that flushed and mixed with residual saline water in the Nubian sandstone aquifer. This is also consistent with works of Issar et al. (1972) , Gat and Issar (1974) and Sturchio et al. (1996) . The isotopic composition of the Hammam Faroun thermal water, of the highest salinity values, is quite similar to that of Ayoun Mousa-2 well of much lower salinity value. This may indicate that the source of salinity of thermal waters at Hammam Faroun is not totally mixing with residual marine water but may be dissolution of Miocene evaporites and/or dissolution of marine aerosols or evaporite dust (from coastal sabkahas) in the recharge area as suggested by Sturchio et al. (1996) .
Mineral Saturation Status
Mineral equilibrium calculations are useful in predicting the presence of reactive minerals and estimating mineral reactivity in a groundwater system. By using the saturation index approach it is possible to predict the reactive minerals in the subsurface from the groundwater chemical data without examining samples of the solid phases (Deutsch, 1997) . It is important to know saturation indices for some carbonate (calcite, aragonite and dolomite), sulfate (gypsum and anhydrite), and silica (quartz and chalcedony) minerals to predict which ones may precipitate or dissolve during flow paths of thermal waters. A saturation index of zero indicates that the ion activity product and the solubility product are equal, and that thermodynamic equilibrium exists with the solid phase. A negative or positive index indicates undersaturation or oversaturation, respectively. Mineral saturation indices for a number of common minerals potentially present in the studied localities were calculated at measured discharge temperatures (Table 2) . Table 2 . Saturation indices of the thermal waters from the study area.
No.
Sample name Aragonite Calcite Dolomite Gypsum Anhydrite Quartz Chalcedony All thermal waters of the study area are undersaturated with respect to sulfate minerals (gypsum and anhydrite). Most are oversaturated or nearly in equilibrium with respect to aragonite, calcite and dolomite indicating that these minerals occur in the reservoir. Regarding SiO 2 minerals, all thermal waters are oversaturated and nearly in equilibrium with quartz and chalcedony indicating equilibration with a sandstone aquifer free of gypsum and anhydrite with minor carbonate minerals. This is consistent with the nature of the Nubian sandstone aquifer, which is considered as the main source of thermal waters in the Gulf of Suez region.
Solute Geothermometry
The chemical composition of thermal waters can provide valuable information on their origin. Various chemical geothermometers have been developed to predict the subsurface reservoir temperatures in geothermal system (Fournier and Truesdell, 1973; D'Amore et al., 1987; Giggenbach, 1988) . Dissolved silica and certain cation ratios in deep waters that have experienced prolonged interaction with rocks are usually controlled by temperature-dependent reactions between minerals and the circulating fluids (e.g. Fournier, 1973) . Geothermometers represent the equilibria of these temperature-dependent reactions, and geothermometric analysis can indicate the temperature of the reservoir yielding the deep waters. Because they use only a few chemical components analyzed, variable temperatures can be frequently predicted for a same fluid. These temperature variations may be due to the lack of equilibrium between solutes and minerals or due to additional processes (including mixing with cold water in the upflow). If a geothermometer is to represent accurately reservoir conditions, not only must equilibrium conditions be reached between the ions and the water, but the water must rise relatively rapidly to the surface without chemical alteration due to processes such as evaporation, precipitation or mixing. Chemical analyses of thermal waters from the study area (Table 1) were used to estimate the subsurface reservoir temperatures by several solute geothermometers. Different geothermometers were applied to the thermal waters of the Gulf of Suez region: chalcedony and quartz (Fournier, 1973 and 1977) , Na/K (Giggenbach, 1988) , Na-K-Ca (Fournier and Truesdell, 1973) , Na-K-Ca-Mg (Fournier and Potter, 1979) and K 2 /Mg (Giggenbach, 1988) , Na/Li and Mg/Li (Kharaka and Mariner, 1989) . Temperatures calculated by these geothermometers for the thermal waters discharged from springs and flowing artesian wells in the Gulf of Suez region are given in Table 3 . Results of the different solute geothermometers show that the subsurface reservoir temperatures varied between 13.0 and 190.5ºC. Na/K and Na-K-Ca geothermometers gave the maximum reservoir temperatures (135-190.5ºC ), whereas Na-K-Ca-Mg and Mg/Li geothermometers gave the lowest temperatures (13.0-45.9ºC).
A geothermometric technique that discriminates between ''immature waters'' and ''fully equilibrated waters'' coming from deep geothermal reservoirs was proposed by Giggenbach (1988) . This technique offers a clear distinction between waters suitable or unsuitable for the application of ionic solute geothermometers. The technique involves combining the Na/K and K 2 /Mg geothermometers by means of a Na-K-Mg 1/2 triangular plot. Giggenbach (1988) divided thermal fluids into three main groups depending on the equilibrium of Na, K and Mg ions as (i) fully equilibrated waters (ii) partially equilibrated waters and (iii) immature waters. Because the Na/K geothermometer readjusts relatively slowly in cool environments that encounter rising warm waters and is not strongly affected by mixing with shallow waters, it generally indicates temperatures of deep equilibrium. In contrast, the K 2 /Mg geothermometer is very sensitive to cooling and mixing with shallow waters. (66.3-75.7ºC ) that are far lower than the maximum estimated Na/K temperatures (157.9-190.5ºC ). For samples falling in the immature field, estimates of reservoir temperatures using the K 2 /Mg or the Na/K geothermometer (Giggenbach, 1988) could produce doubtful results. However, Hammam Faroun samples plot only slightly above the Mg 1/2 corner and relatively close to the partially equilibrated waters curve. Since the thermal waters in the study area have contributions of sea water, K 2 /Mg geothermometry has given reliable results because it is useful in situations when Na and Ca do not equilibrate rapidly enough as in sea water mixing systems (Henley et al., 1984) . K 2 /Mg geothermometer data for the Hammam Faroun thermal water samples suggest equilibration temperatures ranging between 79.5 and 80.9ºC (Table 3) . Geothermometers based on Na/Li and Mg/Li (similar to Na-KCa-Mg) gave lower reservoir temperatures than the measured surface temperatures and they are both unreliable for most of the thermal waters from the Gulf of Suez region. This can be attributed to relatively rapid exchange reactions of lithium and magnesium with clay minerals (Kharaka and Mariner, 1989) . According to the chalcedony and quartz geothermometers (Fournier, 1977) , the subsurface temperatures of the Gulf of Suez region range between 29.4 and 104.5ºC. In general, the quartz geothermometer is applied in high temperature reservoirs, and the chalcedony geothermometer in low temperature reservoirs. Chalcedony geothermometer gave temperatures close to the measured discharge temperatures (29.4-74.8ºC), whereas quartz geothermometer gave the most reasonable subsurface temperatures (61.5-104.5ºC) for all the investigated thermal waters. These subsurface temperatures are similar to those estimated by Swanberg et al. (1983 and 1984) , who concluded that there is no evidence of a significant geothermal anomaly. The results in Table ( 3) indicate that the Hammam Faroun and Ras Sudr areas have the highest subsurface reservoir temperatures. This is consistent with the high geothermal gradient of about 48ºC/km, which was estimated by Boulos (1990) from measurements in a well drilled at the Hammam Faroun area. The average geothermal gradient in the Gulf of Suez region is approximately 27ºC/km (Boulos, 1990) . The highest measured temperature in the Gulf of Suez region was about 148ºC at a depth of 4002 m (Boulos, 1990) . Therefore, the regional geothermal gradients are the major heat source for the thermal waters in the Gulf of Suez region, provided that they reach a depth of at least 3 km. Generally, most of the thermal waters from the study area acquire their temperatures due to heating of percolating water through fractures in a normal geothermal gradient. Hammam Faroun and Ras Sudr-2 well thermal waters have the highest subsurface reservoir temperatures as the result of the high geothermal gradients at those localities. Furthermore, the fault systems in the Gulf of Suez facilitate the rise of deep heat sources.
Conclusions
Geochemical and isotopic studies of thermal waters from hot springs and flowing artesian wells in the Gulf of Suez region were carried out in order to investigate the origin and sources of solutes and estimate the subsurface reservoir temperatures. Two groups of water salinity were found, the first has salinity values exceeding 10,000 mg/l, discharge temperatures reach to 70ºC, and Na-Cl hydrochemical facies at the Hammam Faroun area. The other group is the thermal waters discharged at Hammam Mousa, Ain Sukhna, and shallow flowing artesian wells at Ayoun Mousa and Ras Sudr. They are characterized by salinity values less than 10,000 mg/l, discharge temperatures ranging from 32.5 to 72ºC and Na-Mg-Ca-Cl (Hammam Mousa), Na-Cl-SO 4 (Ain Sukhna), and NaCa-Cl (Ayoun Mousa-2 well and Ras Sudr-2 well) water types. All thermal springs are related to adjacent fault systems, which characterize the Gulf of Suez region. These faults facilitate the rise of deep heat sources. The relations between Na, K, Mg, Br, SO 4 and Cl strongly confirm the mixing process and little contribution of sea water. However, thermal groundwaters are enriched with Ca, that can be attributed to the dissolution of carbonate rocks such as faulted, dolomitic Eocene limestones encountered at the Hammam Faroun area. The thermal waters are depleted in Similarity of isotopic values of the most saline waters (Hammam Faroun) and the less saline one (Ayoun Mousa-2 well) suggests that the saline thermal waters acquire their salinity from dissolution of Miocene evaporites in addition to little mixing with residual marine water. Due to little or no mixing of ascending thermal and cold waters, silica geothermometers proved to give the most reliable subsurface reservoir temperatures (61.5-104.5ºC). Hammam Faroun and Ras Sudr-2 well thermal waters have the highest subsurface reservoir temperatures that could be associated with the estimated high geothermal gradients of 48ºC/km for these localities. 
